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COUWnXMI TO SPACE EXPLORATION: 

A MEMOIR OF IHE JET PROPULSION LABORATORY, 

William H. Pickering^ with James H. Wilson (USA) 

I. nramjcnai 

In the spring of 194 I accepted the invitation of Theodore von Kamm, Director 

i* Caltech's Guggaihelm Aeronautical Laboratary (GALCIT), to Join a new wartime researcii 

id develOTmait project. It had been stimulated by the Allies* discovery of a large and 

Lgorous rocket-missile effort which the Germans soon launched upon the world under the 

iine of V-2. Althou^ Karm^ and his associates in the GALCIT Project No. 1 had developed 

family of small rocket engines for aircraft use, another Caltech project had devised a 

jries of short-range rocket projectiles, and other U.S. technical groups had done lnpor- 

tfit woric in military rocketry, at the time no development or research in the field of 

Tig-range rocket vehicles and missiles existed in this country to match the challaige of 

le V-2. Karman proposed that such a program be started, and Ariry Qrdnan<-, offered to 

xnsar the research at vdiat was soon named Caltech's Jet Prcpulsion laboratory.^ 

Many of the skills to be brought to bear cn the long-range rocket projectile 

»re already a part of the GALCIT Project, iidiich had made major contributions to the 

ichnology of rocket propulsion, notably in castable restricted-burning solid rockets and 

2 

lorable liquld-prc¥)ellant engines. But the new objective called for new technical 
dlls. The brilliant applied mathematician Hsue-Shen Tsien, vdio had contributed with 
irm^ and Prank Malira to the JPL-Ordnance proposal, organized a Research Analysis Sec- 
•on; problems of air-breathing engines, aerodynamic testing, and structural desigi, would 
i considered in other new sections; field testing and the acquislticn of a test range 
;re new problems. I'ty cwn field, electronics and instrumentation, would also be lieavily 
igaged in the Remote Control Section that 1 was to found. 


"^Presented at the Sixth History Symposium of the Intematioral Academy of 
strcnautics, Vienna, Austria, October 1972. 

Director, Jet Propulsion Laboratory, California Institute of Technology, 

>54-1976. 
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At the tijne I spoke with vcn Karmw and agreed to Join the new proJect> I was a 
nesiber of Caltech's Electrical Ekigineerlng faculty engaged In a variety of teaching and 
research activities, mostly war-related. I had training programs underway for military 
electronics officers and civilian technicians; I had been associated In radar development, 
both at Caltech and at the MTT Radiation laboratory; and I had worked actively In the 
1930s and early 1940s with Victor Neher and Robert miUkan In cosmic-ray surveys using 
balloon-bome sensors. These Interests fitted in rather well with the anticipated needs 
of the Jet Fropulslcxi Laboratory, and It was very pleasing to be able to bring th>em 
together In this fashion. I am not certain vAiether I recc^Xiized the hlgi-altitude rocket 
and Its progeny the spacecraft as practical successors to the cosmic-ray balloon, but I 
feel certain that Kannan did see this far ahead. 

Theodore von Kann^ was many gceat men: a scientist and engineer, a teacher 

trtiose studaits may still be foisid among the leaders of aeronau' Ics In many nations, a 

gracious gentleman and persuasive advocate, and a builder of Institutions such as the 

■s 

International Acaden^ of Astronautics.-' But I think his greatest skill was as a mixer of 
Intellectual disciplines and social forces. His personality drew me Into the field of 
rocket technology, and created the Jet Propulsion Laboratory as a p>ennanent link between 
ordnance and nxsketry users and the scientists of Caltech. 

This two-dimensional mixing process, between rocket technology and the s^plied 
sciences on the one hand and between Caltech and the goverrment on the other, offers both 
a perspective for viewing the growth of the Laboratory from the challenge of the V-2 to 
the laurwh of Erq>loi«r 1, and a key for understanding the results. It Is ny purpose In 
this memoir to review the stages of this growth and to reflect on the mixing process as 
part of the pr^aratlcn for the exploration of space. 

n. A FOCUS PC» RESEARCH 

The project to study the teclmlcal problems of a long-range rocket projectile, 
named OTDCIT after Its Ordnance spaisor and Caltech as the research Institution, came to 
life under contract In late June 1944. At that point It shared the research arrd test 
facilities with three other projects spxonsored by the Amy Air Fbrces. These were the 
continuing investigation of rocket prcpulslon (the original QALCIT Project No. 1), the 
study of an underwater rocket projectile under Louis Dunn's leadership, and research into 
the air-breathing rairjet engine. Cocperatlcn among the spcnsorlng agencies did much to 
promote the Joint and mixed research activities. 

In part because of the broad spectrum of technical questions it raised and the 
new research It called for, and partly because of the strong appeal, both scientific and 
strategic, of ultimately being able to develop a hi^-EQtitude , long-range rocket vehicle, 
ORDCIT enjoyed an advantage over the three propulsicxi projects. A hl^-altltude sounding 
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rocket would carry on the woi^c of Mallna and his pre-war colleagues, while the long-rar«e 
missile answered the direct challenge of the V-2. Although all four of the projects con- 
tinued to grow, this last one grew fastest and furthest. It 9 «w geographically, expani- 
Ing to teoporary flight-test ranges in the Mojave desert and the Itexas reaches of Fort 
Bliss, and to peimanait launch facilities at White Sands, New Mexico; it grew technically, 
over the range of ongineerlng disciplines moitloned above; and operationally, from the 
testing of research v^cles to the systematic integration of a new kind of weapon, and to 

(I 

new dimensions of scientific observation. 

Hr own efforts wee concentrated vpon the OTOCIT Project from the time I Joined 
the Jet Propulsion Laboratoiy late that svmaa?. Hr first task was to travel Eetst to 
examine radar and optical tracking techniques at the MPT Radiation laboratory and Aberdeen 
Proving Qround, look into the state of remote control equipment at Sperry Qyroscope and 
Oulf Industries, and see Iheodare von Karm^, who was recuperating from surgery in New 
forte. I concluded that we would develop the necessary ground-test instrunentation and 
fugit-data Infonnatlon systems locally at JPL. 

It is Inportant to recall that the focus of the pre-war electronics industry 
was ipon ccnmerclal broadcast and ccmnunicaticns technology; television and feedback- 
controlled automation were on the bench, not on the shelf. Hig>-frequaficy applications — 
such as radar was to be — were severely limited by the lack of an aK>rqprlate anpUfying 
device. It was impossible to buy, and difficult to develqp, equipment that would function 
reliably under the stresses of field operation or rocket flight. But wartime mobilization 
changed this coopletely. 

IXiring Idils period the state of electronics technology advanced rapidly, almost 
violently. Anglo-American collaboration made possible a large and growing family of radar 
equipment and widened fields of application. Caiponents rugged enough to ride an artil- 
lery shell, exemplified by the proximity fuze, were in production. Aircraft autopilots, 
low-noise conminlcatlons, and fire-control systems became widely available. Most of us 
realized how far the techniques had moved only wh«i, in postwar surveys, we observed the 
ext«it to which Allied efforts had outstripped those of the Geimans and Japanese. I 
found, for exanple, that although the V-2 develcpnent rounds carried a radio telemetry 
system, the Peenemunde engineers had to rely principally i?>on tracking and recovery of 
the wi’eckage for performance and diagiostic Infoimaticm. 

By the time I returned ftom iry first trip in the fall of 19^^ and began activat- 
ing JPL's Remott otrol Section (also responsible for test instrumentation, fligit per- 
formance "reporting” or telemetering, and tracking), two rocket-vehicle project efforts 
were underway. The first, called Private, was intended to provide early Integration and 
launching experience and to yield vdiatever applied-research values were possible from so 
simple a desigi. It consisted essentially of a solid-propellant Aerojet JATO unit with 
aerodynamic nose and fin asseirbly added; it was launched from a rail by a cluster of four 
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soll<l-propellant rockets. Stabilized by fins after buTTK>ut of the booster. Private 
required no guidance system; there was no attempt to equip It with radio telemetry. The 
fll^t trajectory was deduced iron radar and motion-picture data. On the last two rockets 
of the first series. Private A, in Decenfcer 19^^, vje installed annored motion-picture 
cameras In the nose, looklr® sideways, to give information cn the roll rate. Thou^ 
battered by launch and impact, this rtKilmaitarv fli^t instruroentaticn did give the neces- 
sary data (Figure 1). 



Fig. 1 

Private A Rocket Tfest Vehicle, Instrumented 
With Motion-Picture Camera 


Ibis first ORDCIT v^lcle was tested Ir the California desert north of Barstow, 
not far fran the present Goldstone Tracking Station, in December 19^^. It gave valuable 
experience not only to the JPL team, but also to the group fTon Aberdeen Proving Ground’s 
Ballistic ftesearch Laboratoi 7 , who provided radar tracking. The next Private series 
involved a winged version of the missile, called Private F; this was tested at the Hueco 
Range of Ftort Bliss, Itexas, near the White Sands site then under ccaistruction. Private F 
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carried no fil^t telemetry or guidance, but the eye and the camera were enou^ to reveal 
the corkscrew Instability of Its fU^t path (Figure 2). 



Pig. 2 

Private P FU^t Ttest, Hueco Range, Texas, /^rll 19^5 
Showing Rolling Instability 

Planning had begin for the "second type of long-range Jet-propelled missile^ " 
named Corporal, before I had returned from the East Coast. ^ Ihio was tc be a guided 
vehicle, launched vertically, with a 20,000-lb-thr<i; t rocket engine using aniline and red 
fining rrltrlc acid. It would be a large technical step up fVom the Private serl-'s and 
ftxxn prior art In rocket-engine desl^, aerodynamics and flight path, airframe, and most 
of all In telemetry and guidance. For several years this vehicle would be the fociis of 
most of JPL’s research — especially ny own. 

Ihe emphasis In those years at JPL, In ORDCIT, and on these missile efforts was 
\4)on research. Ihe Private and Corporal supported research and Investigation, not vice 
versa, and although development of a military guided missile was the ultimate objective of 
our contractual work, the contract called for us rather to understand the problems of the 
system.^ A sunraary of these research-support rockets is given In Table 1. A similar man- 
date prevailed In the propulsion studies: GALCIT Project No. 1 had studied the character- 
istics of rocket motors for aircraft prop’ulslon and JATO, but the Aerojet Qiglneering 
Conpany (founded by Karman, Hallna, and associates) desl^ied and produced the final hard- 
ware products. Ihls applied-research Inpulse resulted from close instltutlonad bonds 
between the scientists and goverrment personnel, particularly Amy Air Fchws but Includ- 
ing other armed services. Ihese bonds had been built by Karm^ In the field of Aeronautics 
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JPL Rocket Research Vehicles of the 19M0s 
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during the prevlois ^>5cade, and reflected the sclence-ln-soclety tradition established by 
Robert A. Millllcan and George E. Hale a generaticHi earlier- in Vforld War I. 

When 0RDC3T began, two conplemaitary principles were In operation: that of 
cooperation and mutual understanding betweai the academic scientists of Caltech, the 
mllltai'y officers, officials of the govemroent, nd the working er^ineers of Industry; and 
that of the autononor of the technical expert and Investigator. The resulting balance was 
also worked exit on a grand scale In the nationwide wartime research moblUzaticai led by 
Vannevar Bush. The autonomy principle was foritallzed and strengthaied by ” ouls Dunn soon 
after he took over direction of the Laboratory in 19^7: the broad Air Forces contract v®s 
modified subtly to recogilze the ri^^ of the Institute, as well as the govemnmit, to 

7 

approve the technical tasks proposed. This independ^e was seldom exercised In fact, 
but It assured the Integrity of the laboratory as an Impartial technical advisor. 

In 1945 I pr^ai^ a preliminary analysis of guidance and telemetry problems for 

O 

Corporal. After reiterating the research mission of Corporal, I divided the fll^it pro- 
file into (1) vertical ascent, (2) declining-angle thrust phase, and (3) parabolic free 
flight, each with Its particular control requlremaits. (Vfe might note that the smaller 
test vehicles evaded such requirements by the nature of their launch inodes and flight 
profiles.) Stabilization during the vertical ascent, by a gyro-controlled autopilot, and 
the progranmed pitch turn were required by Corporal's mode of flight, and control of the 
burnout velocity and fll^-path angle to provide the required target eiccuracy. 1 seler 
ted the radar-conmand mode for this guidance, whose elements are Illustrated In Plgur 

While the Corporal research vehicle was maturing or. paper. Prank Mallna cc - 
celved an Interim scaled-down test vehicle which could also be used as a vertical sounding 
rocket — ^the climactic goal of the original Caltech student group. It was soon named Wac 
Corporal. Designed to carry a 25-lb Instrunent payload to 100,000 xt, it was to be 
ungulded, boosted out of a 100-ft tower by a "Tiny Tim" solid rocket and propelled by a 
1500-lb-thrust acld-anlUne rocket engine (Figure 4) . The first version, tested In the 
fall of 1945 at White Sands (and Inaugurating that facility) carried a Slgial Corps radlo- 
sonlc package, but no missile telemetry; a later version, tested In December 1946 and the 
following Spring, carried a five-channel JPL-developed FH'FM telemetry system as well as a 
parachute recovery scheme which could return the Instnxnents or even the vAiole missile 
undamaged for re-use (Figure 5). 

0 

The Wac Corporal was a triumphant program In many respects."^ Outgrowing Its 
R&D test-vehicle fUncticxi, It offered for the first time the realistic role of scientific 
Instrument carrier in a simple, relatively cheap form. It outperformed specifications, 
exceeding 200,000 ft altitude (a world re-jord at the time). It brou^t forth a new design 
cycle for rocket engine and airframe. But most Important here. Its launch operations. 
Involving the cooperation of JPL crews, the Aberdeen tracking team under L.A. Delsaaso 
(which had also supported prior flight tests), and the White Sands range, were a valuable 
preparation for Corporal testing. 
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Pig. 3 

Guidance and Control System for Corporal 
(Prom U.S. Patent 3,179,355) 


I was out of the country during the first series of Wac tests In 19^5; In coth 
pany with Karman, I was Iwklng Into the test Instrumentation and electronics developments 
of Gennany and J^>an, virtiere we found very little tnat could add to what the laboratory was 
already doing. I participated In Wac B operations, however, and began an Interesting 
association with the system problems of test-range operations and flight InstrumencatlcHi. 
In the meantime, the Corporal vehicle moved deliberately but surely towards Its first 
flight. 

On May 22, 19^7, Corporal E No. 1 rose from White Saids. Weighing almost six 
tons and st^llized by a pneumatic Speny autopilot, the slim white rocket lifted off Its 
flat stand, gradually pitched forward toward the target, arxl flow a ballistic curve to 
within two miles of Its 62-mlle target rang*.* (Figure 6). No precislai guidance had been 
employed, thou^ an experimental radio odimand was exercised successfully. A ten-channel 
FM/PM telemetry set (actually two of the Wac telemetry sets) returned measureirents of 
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tioti aril acxiuired an active tmmpmd^} trackii^ system 

Cilgure 7). 

^K>yed by tMs success, « prepared tte mrt bird for layorieMii^ ei#it weete 
later • The second Corpr^r^il Oiglit test, however, was a fiasco* Apparently tte air- 
pressure regulator, which controlled the flow cf propellants to tte irckct englre, mlfljnc- 
tiofied; efigine ignited, but with insufficient tiwst, and tyuxmd on the stand for 
aaecfids before the rocket ws li^t anoygh to get off the ground* flien the missile rose, 
tii^ped over, headed the sand, and proceeded to skitter throng tte desert wnderbrash 
under pc«r until it blew up (Fi^are 8)* / wag at tte sce» named it ^the rabbit killer*^ 
The next two fllgW: tests were better than this, but mt so ^xxl as the first* Hie follow- 
ing two years i^re filled with bench expe^^to^ts, redesigns, and ^und testing* Certain 
essential features of tte system rmalrM to be flown, in particular the carplete guidance 
system. 

In aicMltion to the Corfxiral and its antec^adents, idiich en^pged e laments of 
nearly every Laboratory seotiem, there were several spe:i'iallxeci rocket prAl^ts in this 
period idiich pithered a few--usually about two—research strmids into a flight foc^.is* 
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Fig* 5 

MAC fcae Section After fecovery 
(Mtbor in Foregrx^^und) 

The first of these Jointly interested m tela«try grt^^r of H. J* Ste«rt*s 

research analysts begimini^^ In IjHk; it ealMl RAFT^ the rocket airfoil tester* 

As the name implies* RAFT was designed to obtain aerodynamic informatlcn. At 
tMs tine* superscnie wind tiannels were few and far between* ard the tronsonlc region was 
and still is dlffiruit to s'limxlate in a tiriiel because of wll effects* Ite alternative 
is a f^e-fli^t vehJLcle* muntlng tre test airfoil ard necessary instrumentation* The 
RAFT vehicle was simply a five-inch Mavy ordnance rocket* with test section and instruments 
replacing the warl^iead (Figure 9) * The need for teleinetering the r;,;asurOTents ^ve my 
group the challenge of puttir^ tcgetlier a small* ru®ed, flight teleinetry set and asso- 
ciated equipinent; the test opemtion* conducted first in the fiojave desert site in 

early 19^5# ^ve us valuable early experience in field work bM data acquisition* These 
three-and fl ^/e-channel sets were the first working rocket telsiTietry imlts in the Ontted 
States* Ihiey operated on the sohc^* with the moas^jral forces ryir^ the frequency 

of a suhearrier oscillator* ard sewral separate suDcarrier sl^Is fr^uciv^yniKxiulatir^ 
tfm HF ^aroier* Tills ach«ie w^s subsequently carried over to Mac Corporal* 


Pig. 6 

First Corporal Launch, White Sards Missile 
Rar^e, New Ifexlco, 22, 19^7 

Other special-puipose rocket vehicles supported research in solid propel,lants 
and high-acceleration, high-speed dynamics, A jsmll veMcle ur»fficlally called "Ihunder- 
bird,” demonstrated the polysulfide coirposite-propellant , interrial-turrdrig star-grairi solid 
motor In 1947. With an acceleration over lOOg, it led to tte Hac-scale solld-pTOpellant 
research vehicle called Sergeant In 1948. 

But the Sergeant sounding rocket, urreLated to tte tactical missile of the sim 
name, proved to be ahead of its time. It ms Inspired by calcsHations that indicated a 
solid-isropellant rocket of the intanml-btimlrig-star deslg*- could deliver several tim^is 
the payload of a liquid-propelled ¥-2 type of slirdlar welgfit. Ttm tiiotor cliairlser walls 
were to be very thin because the propellant, bumliift from within, wotxld help contain leat 
Bid pressure. ki autopilot design effort ms teg-in, and static tests of tte mtor. 
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Rockset Airfoil Tester {Without Rocket ffotor) Shewing ffounted 
Airfoil, Instrrnnentation, 'Beleaetry CcRfsartraent 


weigjhing 1300 lbs and delivering about 6CX30 lbs thrust for more than 30 seconds, were 
ducted (*igure 10). Difficulties with solid rocket, manifested in the rapture of the 
thln-wall cast, coincided with a change in the JFL mission and an acceleration and 
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e]g>anslon of Corporal develc^jmsT*-.; the Sergeant project was su^)ended. The electrcnlc 

autopilot was ad<^ted for the Corporal missile while the solid-propellant aigineers took 

their problene back to the laboratory and test stand for more investigation. Rirther 

develc^ment was undertaken by the Thioknl Chemical Corporation. The ultimate heritage of 

this early "Sergeant" powerplant was the reliable solid roctet> used in large scale in 

the Sergeant and other military missiles, and in clustered miniatures to launch the first 
12 

Explorer satellites. 

Other projects of an Interagency charact^ also focussed JFL efforts in this 
period. They die. not center upm rocket vehicles but rather upon large-scale test facili- 
ties. The first was the Supersmlc Wind *njnnel, which grew in part fVom the ram jet pro- 
pulsion project but mostly fxm the needs of the designers of the long-range rocket for 
s( 4 )ersonlc test data. The wide range and hl^ value of Ihch numbers under tdiich the 
rocket models would need to oe tested went b^ond the caqpablllty of any available facility. 
A g^ieral need for such facilities could be foreseen, and the talents of Caltach — In par- 
ticular the brilliant aeronautical engineer Alim Puckett — were ready and willing to fill 
this gap. Accordingly, the Army and Air Force authorized JPL to proceed. A flexible- 
throat wind-tunnel of 12-ln test sectlcai was completed In 19^7, and a 20-ln tunnel In 
1950 . This enterprise si^ported not only JPL rocket desl^i and research program s , but 
also a large ©X)up of rocket and supersonic aircraft develt^jers and research laboratories 
under the aegis of the two anned service sponsors. At one time the wind tunnel took up 
about one-quarter of the Laboratory's effenrt, and it remains In c^)eration to this day.^^ 

The second interagency effort was more directly concerned with the rocket pro- 
jects — ours and others — and Involved ny own efforts as well as the laboratory in its con- 
sultative role. The primary external need posed ty the long-range roctet projectile was 
a well-lnstrixnented fligjit-test facility. We began to use and Inprove the White Sands 
range in 19^5, inaugurating it with the first Vfac Corporal In the fall of that year. We 
learned a great deal ab'>ut the instrumentation and c^jerational requirements of rocket test- 
ing in those early years, and, vrtien the Navy developed their Point Mugu test range 

(beginning in late 1946), I p)erfonned a nunber of studies to help them set up their instru- 
14 

mentation system. We shared what we had learned more infonnally with the other users of 
White Sands, which Included the V-2 scientific and engineering program, the Nike anti- 
aircraft develc^xnent, and the Navy's Project Viking.^ 

This interchange of Informatics, and the standardization of practice vbich fol- 
lc3wed, was coordinated by the Research and Develcpnmt Beard of the Department of Defense. 
One of the coninittees c^arated ty this board, chaired in successlcn by Bdmcaid C. Buckley 
and nyself, was ccncemed with test range Instrumentaticn; tracking, telemetry, and com- 
mand control. We wrote standards for an FW/FW telemetry system, erqpectlng this to be an 


*See Milton Rosen, "The Viking Rocket; A Memoir," In this volimie — ^Ed. 
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Interim stage pending the adc^tlcxi of pulse telemetry systems. To the surprise of a good 
neny people, FW/FM proved quite durable, and renalned In good use much longer than 
ejqsected. The successor to our conmlttee, the Inter-Range Instninentatlon Group, main- 
tained our stanlards In terms of subcarrier channels, but In later years the field of 
telemetry modulation gradually opened up to a great variety of schemes. 

By mld-19^9f then, the rocket- and missile-related research of the Laboratory 
vas focused prlxKlpally In the Corporal as a test v^cle for the technolosr of the U(yjld- 
propellant guided missile, vd.th smaller solid-prcpellant efforts ^thered around the 
Sergeant research vehicle, and aerodynamic research and testing In the wlnd-tumel. The 
stlll-grcwlng electronics activity was engaged In guidance, telemetry, and tracking for 
the missiles, and In Instrummitatlon systems for the wind tumel and the rocket firing 
ranges. own Interest was primarily «igaged Corporal's problems, thou^ I was con- 
cerned with ground instnmentatlm systems and the distant potential of the roctet for 
ufper-eitmosphere research. 


III. THE GUIEED MTSSIIE SYSTEM 

Nothing In nature remains fixed, and the swinging pendulum of research and 
develcpment under »Mch we had worked on Corporal swung rapidly forward In the fall of 
1949. The experimental rocket vehicle which we used eis a device to study guidance, mis- 
sile aerodynamics, and the like, was transformed Into a guided missile under development. 

Uhder the pressure of the changing world sltuatlc»i, and with the gulded-nnlsslle 
program now five yeare old, Amy Ordnance reviewed the pro^ject of obtaining an accurate 
and usable we^pcxis system ft?om our ongoing study effort. This was, after all, their 
objective. Their program had moved forward an two fVoaits: ORDCIT can an ^iplled-research 
basis, and Project Hermes building ft?cm the cJ^tured remains of the V-2 development as an 
Industrially-based technological program at the General Electric Company. With four fll^t 
tests accomplished, one of them highly successful. Corporal was evldaitly making good pro- 
gress towards Ordnance's goal, and Colonel (later Major Goieral) Holger Tbftoy of the 
Qroinance Missiles and RcxJkets Branch, asked Lcxils Dunn, JPL's Director, to determine 
vrtiether it could be converted to a weapons systan. 

Louis Dunn, vho had been generally respoislble for the Corporal program sirue 
1945, reasoned that the major technlceil step was the provision of an accurate guidance 
system. He accordingly brou^t me into the inquiry, and we gave the matter much thou^ 
before deciding In effect, "let's give It a go." In September 1949 we travelled East to 
confer with the Colcaiel Toftoy at the Pentagon. He talked to us about the need for a 
demonstrably field-worthy guided missile, the limited prospect for achieving this soon, 
and the Ordnance Department's wish that JPL move Corporal rapidly In thl.s direction. I 
was much lirpressed by the ftdth of this professional soldier In the Industrial-development 
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capability of our laboratory, considering that we were so largely research-oriented and 
had no experience of this kind. I believed we could solve the technical problems of the 
guidance system, hcwever, and Louis was confident that we could handle the Industrial- 
engineering transition. Ihus began the Corporal gulded-ndssile development project, for 
udiich Louis asked me to take responsibility. JPL be^i to change from a research organi- 
zation to a duel<ipurpose, research and hardware-development team. It really was as sinple 
as that: we said we could do It, and Tbftoy told us to go ahead. 

Things began to move. In April 1950 the Arny Ordnance Guided Missile Crnitm? was 
activated at Redstone Arsenal, Huntsville, Alabama. Althou^ at first the Dq>artment of 
Defieii:^ disapproved the Army’s request to list Cotpcral as a weapons system develcpnent. 

In October 1950 they established the Office of Director of Guided Missiles at a hl^ 
depai'tanent level. In the same month JPL was Issued a cmtract for the new Coiporal 
program. 

This shift in the laboratary's objective was accon|)anled by a more gradual 
change in the orgEtnlzatlon, in part to reflect the recognition of a dichotaiy between 
research and develc^xnmit engineering. In the early years there had been a relatively free 
mixing of researchers and roctet-builders, and it had oftoi been possible and appropriate 
for one man to follow his woric throu^ research to hardware develc^xnent . By late 19^4, 
however, we had separate guidance and electronics-research activities. In 1946, the many 
technical sections were clustered into four divisions; in Dunn's reorganlzatlcxi of 1950 
two of these emerged as research oriented, coitrasted with my divlsloi, now called Guided 
Missile Electrcnics, and the one headed by Paul Meeks, Guided Missile Engineering. 

I was not siltogether in agreemmit with this dlchotoniy, partly because own 
interests and the technical discipline of electronics are strcxigly rooted an both sides 
of the fence. The electronics activity at JPL had a dual role from the start: the imne- 
dlate develc^ment of test Instmnentaticai systems with long-term guidance research, or, in 
the later period, missile and test-range electronics together with comnunicaticais theory. 
Thus, my incUnatlai was more toward organizing cai the basis of technical disciplines, 
and lowering the barriers between research and practical operatiOTial develcpnent. L. 

1954, after I was named Director of the laboratory, addltlcxial growth in form and function 
called for another reorganization of the Laboratory, and we moved toward somevrtiat greater 
Integratlwi of research and engineering, with three departments divided essentially upon 
discipline lines. By the time of Ebqjlorer 1, the three Department Chiefs (respectively 
Fhank Goddard, Jack Fhoehllch, and Bob Parks) had additional responsibilities in the areas 
of research (including the wind tunnel <^>eratlons), the space project, and the missile 
project, respectively, though these three activities each drew on the technical resources 
of ail three departmaits. 

But in 1950 tdien It formally became a candidate gulded-misslle system. Corporal 
was still evolving slowly as a research vehicle. The propulslcn system, mature in 
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principle, was still developing in teiros of hardware as the desl^giers probed the dlmen- 
sicMis of wel^t, material, and configuration. Ihe autc^llot was at a similar stage, 
having progressed from the hydraulic design used in aircraft to a pneianatlc one, vrtx>se 
vulnerability to the heat and vibration «ivlrcarinent of the missile was demonstrated In the 
fourth flight test. Long-range guidance to provide accuracy at the target was still 
maturing in principle; test instrumentation, radio telemetary, and radar tracking were 
essentially ready to meet the needs of the developmoit program. 

“Hie most critical technical problem was long-i*ange accuracy. Corporal had to 
reach a target cnly a few hjndred meters across, about 110 kilometers ftom its launch site, 
after flying a course vdiich left the atmosphere and re-«itered it. The broad principles 
of radar-conmand guidance were these I had woiiced out in 19^5, and have mentioned above; 
the practical reallzatlcai of equipment idiLch would perform correctly and could be mass- 
DToduced was a distinct challange. 

Hiis was complicated, in turn, by two "strategic" conditions. First, none of 
us knew quite how accurate or reliable such a guidarwe system ought or needed to be; and 
seccxid, the Amy wanted one quickly. As a consequoxe of the first caodlticn, the require- 
ments for Corporal tended to evolve with the system, as the ■theoreticians, the engtrsers, 
and the military planners worked along and l^imed their way , and also as the Corporal 
test program fed information back to them. Uie second condition made it desirable that we 
work toward an interim solution rather than ultimate perfection. The Corporal system thus 
emerged as a hybrid, or leish-up, based on existing equipment or designs; A modified 
Corporal E roclret (Figure 11), an all-electronic autopilot derived f)?om the Sergeant test- 
vehicle project, modified Signal Corps 584 radar, and a doppler link for velocity measure- 
ment. For ground handling vehicles, we modified the designs of ccaistructiai and agricul- 
tural machines, among others. It was implicit in this approach that Corporal would be 
succeeded by a new and better system, probably in the 1960s. 

As ultimately develcped, the Corporal ©rldance system ccaiformed essentially to 

my plan of 1945: the irrertlal autopilot stabilized it throu^ launch and ccwitinued In 

operaticn, but it was augnaited In later phases of flight by overriding conmands from the 

more precise ground conputer-, operating fKm radar’ and telemetered missile gyre data. 

Range ccxitrol was maintained by shutting off the rocket engine vdien the preper velocity 

had been attained; this was sensed by the separate doppler link, and executed by a very 

17 

precise •valve syst«n actmted on radio conmand from the ground conputer. A measure of 
the accuracy of this early radio guidance is that within a few years we were able to find 
errors in the survey meps of Vfliite Sands. 

In the Corporal E flight tests, we had early discovered guidance and ccmtrol 
equipment problems arising from the rugged environment of a rocket in flight: the early 
autopilot was placed r«xt to the rocket engine, surrounded by heat and vibration. Mount- 
ings and structures often would anpllfV the vibration by resonance, and we learned a great 
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Fig. 11 

Early Weapons System Version of Corporal, With Handling 
Equipment, White Sands Missile Flange 

deal about environmental testing and the design of sturdy and reliable equipment, not only 
for the missile Itself but for the cotiplex ground equipment which must operate in the field 
as well. Ihis special technology was to have inportant inpllcations for space exploration, 
of course. 

By 1953 the Corporal system was ready to be tested in tactical conditions. A 
sketch of the launch area in the field is given in Figure 12, and a natui-al view is shown 
in Figure 13. Tfero industrial flirnis, the Firestone Tire and Ribber Coipany for the missile, 
and Gllfllian Brothers, Ira:., for the guidance system, had begun limited production. We 
had already launched seme forty missiles at White Sands in the course of experimental and 
development testing. Accordingly, the Amy began a long series of field test firings, 
while we continuei development flights at a rate which reacFred oriC a week over an extended 
period. A small JT! ccxitlngent had taken up permanent residence at White Sands by this 
time, and a inuch larger group spent a great deal of time there. Although JPL Involvement 


m2 


M HI 


m* 






COUMIfttlilMl mt 




wmmt 


rut«#£0 nmMM 


in Corporal continued at a vigorous pace, l^rom the point or view or statistical testing, 

technical advice and training for the military, cooperation with the Industrial production 
engineers , and advanced developasnt , tte development was essentially canpleted . 

At about this time. Corporal's successor entered the picture. Iji January 1953 > 
Aiw Ordnance asked us to Investigate the feasibility of an iaproved solid-prcpellant mls- 


of replacing the caiplex llquld-propellant povrerplant with a one-piece solid motor were 





Ccrporal Ifetctical Fleld-Ttest kcvw^&amk at White Sands 


obvious, especially not# that the raotor evolved ttxm the Sergeant test vehicle of 19^18— «9 
via the Hermes RV-A~10, had been perfected. But this simple and «slly-handled propulslm 
sysbam offered c»» large prdblfisa to the guidame designer*— it couM not be simply shot off 
with tte closing of a valve. In addition, it provided a challer^ to the electronics 
packagere in the form of a new and strcsiger vibration envlrontitent. Still another problen 
fac«3 the guldanje er^ineers: the missile had to be ismsm, or nearly so, to radio inter- 
ference ard Jatanlng, *The obvious solution to this was to remove the gmind link and pro- 
gms the fsisslle to cantwl itself internally, ming. Inertial data. In 1953 this solution 
appeared lamtlsfajtory hxm the point of view of costs, reliability srd accumcy. te a 
result, m worted m an essentially noise-free and Jan-proof cotiairileatlais link: for tte 
radio ©ildance system. 

Tte ba»flta of all m had leartwd In the Corporal develosfflent mve JVeely 




conmunicatlcMTS links were simplified to one up and one down fran the missile, with com- 
mand, telemetry, and doppler tracking all gathered into one loc^jed circuit. 'D?anslstar- 
Ized electronics were a part of the Sextant design from the start, vdxlle Corporal telem- 
etry had had, for exai^ile. to be "updated” with such circuits. New equipment packaging, 
in Which the subsystem units took the form of nearly solid blocks, in which the chassis 
were hollowed-out shells rather than flimsy Internal skeletons, reduced our worries about 
vibration. Automatic checkout equipment rapidly verified the I'eadiness of all. circuits 
for launch. 

Ihe major guidance problem, velocity control, was solved when the JPL system 
design grotp develc^jed a set of aerodynamic drag brakes (Figure j.^). Oeratlng rather 
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Sergeant Range-Control System 
(Prom U.S. Patent 3,188,958) 
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nice the blades of a camera shutter, the brakes reduced the velocity to the i?eqali'ed 

value. FU^t-tested, the deslgi proved as slnple and precise -as the shutoff \ es vdilch 

18 

perfonned the corresponding function on the liquid propellant Corporal. 

Yet a fundamental debate still remained on the central Issue of seor , .-generation 
missile guidance. Ihose of us with Corpcrsd ejqperience advocated contlnulnf ti-je prin- 
ciple of keeping the major computing f.jictlon on the grovid, and using the missile-ground 
link as the accurate reference-measuring syst«n. We felt that all-lnertial guidance 
schemes, then being develc^)ed for early ICBM programs, would be too massive and expen- 
sive for Sergeant. But Army Ordinance i the field forces favored the invulnerability 
and slupUcity of this mode, and authorized parallel developments, with support from 
Industrial ccaitractore, of aLLl-lnertial and radlo-inertlauL guidance systans for Servant. 

In a relatively short time. Bob Parks, with John Scull and other JPL Colleagues, came 
up with a highly acceptable small stable platform for the Sergeant. Althou^ the advanced 
ground-batjod guidance derived from Corporal was somewhat more accurate, it could not match 
the Inertial design for field slirpllcity and freedom from radio interference. In 1955, 
the liTTtlal Systran was formally selecteo. 

The Sergeant missile system development went forward at a more re^ld pace than 
Corporal, partly because of the slitpUcity and excellent performrnce of its powerplant, 
but mostly because both the engineers and soldiers were building upon the Corporsil exper- 
ience. Less than three dozen Sergeants were test flown at White Sands (Figure 15), con- 
pared with over caie hundred Corporals; both JPL and the Army had learned how to handle 
guided mi.ssiles and test firings smoothly, and had flown certain crucial Servant experi- 
ments as passengers aboard earlier Corporals. Finally, Corporal had taught us how best to 
use industrial collaboration. ^Hie engineering firm vdilch would build Sergeant, a new 
division of the old ^jeny Gyroscope Conpany I had visited on try first trip out of JPL a 
decade before. Joined as co-conti?actor during Sergeant's development. 

Cne minor missile-system project of the early 1950s deser-ves mention at this 
point, for it served as a solid- propellant research focus and a Ccise study in missile 
development. Project Lokl began as an attenpt to adapt the World War II Gjiman Taifun 
antiaircraft rocket technology. This rather small unguided projectile vas developed for 
some time using the liquid-propellant desl©! of the original before the Army asked us to 
study it in the solid-propellant mode early In 1951. Ihe rocket booster was about six 
feet long, three Inches in diameter, and Joined to a ballistic dail; about the size of the 
handle of a brocm. It was spin-stabilized. For R&D purposes, the dart contained a track- 
ing beeicon and telemetry set. Designed for targets at ii0,000 ft. altitude, the missile 
reachea an acceleration of over lOOg' after being launched from a long tube (Figure 16). 
Althougi we could build individual rounds precisely enough to achieve t-he necessary accu- 
racy, the mass-produced version fell somevrtiat outside the tar^t circle. About this time 
a military analysis showed that a different awsroach — guided ascent, exenpllfled by 
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Nike— was strategically superior to the Loki unguided-volley mode, and the project was 
teivlnated. However, many of the manufactured rockets were later used as small-scale 
sounding rockets and test-vehicle stages, a role In *Mch they served with distinction. 

Uhlle the laboratory appeared to enjoy a greater freeioa of research in the 
earlier research-dominated period of rocket and guided-missile experimentation than in the 
CJorporal-Sergeant missile engineering phase of the 1950s (see Ihble 2 ) , the diffeirence is 
partly illusory. Fbr rxte thing, JPL was growing at a rapid rate throughout this period, 
and the expansion of missile development was not at the expense of reserach activity; in 
fact the two components grew together. For another, missile ctevelc^xnent produced new 
classes of research problems, of which elastic properties and teleconnunlcatlons are two 
inportant exanples. Ihe ultimate positive effect of missile development on applied 
science was almost a case of serendipity rather than technological detennlnlsm, and repre- 
sents the major theme of ny memoir: the missile contributed ntich of the technology for, as 
well as the lnpulse towards, the practical science of astronautics. 

It is cxily with hindsight that we can see the endoryo of the spacecraft within 
the body of guided-missile developments in the early 1950s. At the time, in a project 
seise, we were oriented toward the practical problans at hand, even thou^ the advances in 
technology had far-ranging ImpHcaticns, some of them as obvious as rocket propulsion and 
others as subtle as ground-based guidance. In addition, the practice in system integra- 
tion and envirormental testing that the missile projects afforded us wculd sliiplify the 
development of ^»ce systems. But throughout this period, fixm the Inception of the 
Corporal to the temlnation of the Loki, the seeds of space eigiloration wer<=» germinating; 
in the middle of the 1950s they began to grow. We at JPL became involved in “he proposal, 
and then in the develcpment, of a space vehicle. 

IV. TOWARD SPACE 

JPL’s formal activities directed toward space exploration began almost imne- 

dlately following World War II. Fiwik Mallna has described the origin and early success 
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of W&c Corporal as a sounding rocket, and I have alluded to its role in the Corporal 
technology- At about the tiine the first Vfeic vehicles were reaching toward ”extirenie alti- 
tude,” JPL received a U-S. Navy contract to study the problem of orbiting a satellite. 

Ihis activity had Its origins in the Navy Bureau of Aeronautics In mld-19^5, vdiere the 
satellite mission, inspired by review of the V-2 development, was studied and considered 
for scientific, conmunications, and cartographic roles. Ihe launch mode in this study was 

a single-stage rocket using J^ydrogen and oxygen; Robert Haviland and Harvey Hall were its 

21 

most enthusiastic Chatrplons. JPL’s involvement took the form of a technical review and 
conflmatlon of the Navy’s calculations, ard was conducted by the Research Analysis Sec- 
tion under Homer J. Stewart’s direction. Stewart and his colleagues concluded that the 
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sin^e-stage mode was feasible but nargiml for a successful satellite mission, while 

22 

nultiple rocket stages would be preferable. With a soineidiat adverse teclrlcal Judge- 
ment, and the difficulty of finding a proper military mission for the project, these early 
satellite studies gradually faded away, but the potential of military rocketry in the 
service of experimental science did not. 

About sixty V-2 roctets had be«i brought fbom Europe to the U.S., and test- 

firings of these missiles began at liftilte Sands in 19^6. Ihe opportunity to fly scle>^tific 

payloads in these big birds was quickly seized, and an interagency group, urtiich soon 

became the upper Atmo^here Rocket Research Panel under James Van Allen's leadisrshlp, 

began to coordinate this woric. I served on this panel, «dd.ch evoitually became the Rocket 

and Satellite Research Panel during the IGY. The Jet Propulsion laboratory also to<^ an 

early hand in the pronotlcm and diffusion of uK>«vatmosphere and "space" science. In 

ndd-lhrch 1946 we organized a sunposlun csi Guided ffissiles and The l^iper Atmo^here at 

Caltech, gathering scientists and engineers ftrcm university, industrial, and government 

labaratorles to discuss hlgrt-speed aerodynamics, missile launching, the {^slcs of the 
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ui^ier atmosidiere, and {problems in ccnfcustlon and gas dynamics. 

This synposlun, which heard thirty-six papers plus a siqpplementary discussion on 
igper-air eiqierlmaits, was a prime exanple of the mixing process I have outlined. First 
of all it was an o^^portunity for many of those engaged in rocket development and its 
applied sciorices, internal and external, to conpare notes across a technical field flxm 
smokeless powder to siqper-aerodynamlcs — probably for tte first time on such a scale. 

Second, and pertaps more Inportant, it brou^t this broad population of rocket technolo- 
gists into contact with an equally broad spectrun of potential scientific users, from the 
astronomer tu the meteorologist. As an institutional mixer, the synposlum was equally 
effective: JPL, Caltech, the IMversity of California, and the RAD groips of Southern 
California's aircraft industry were strongly represented, »diile Uie eastern universities, 
various amed-SCTvice research groups, and at least one eastern industidal laboratory were 
also in evidence. The lines of caimunicatlOTi repres«ited and reinforced at this meeting, 
and nalntalned by the Ut>per Atmospha^e panel, continued to be effective in the next decade 
of aerospace growth In the IMted States. 

The value of the rocket to the kinds of experimenters present f?.t this aynposlun, 
and the degree of organizing and planning work remaining to be done, are indicated in a 
publication of mine written In 1947- I wrote: "... it would appear that the design of 
the rockets is not adequately coordinated with the physical research programs to iftilch th^ 
are Intended to apply." The same conclusicxi was expressed in action with the developimit 
of the Wac-based Aerobee by the Afplied Physics Laboratory of Johns Hcpklns, 1946-1949 
(under Navy sponsorship), and of the Naval Research laboratory's Viking (1947-1955). My 
analysis matched desirable research programs and their necessary observational conditions 
against two representative available rockets, Wac and V-2, the research ccnditlons they 
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could provide, and the techilquea they represented—especlally in telemetry, Instrunent 
recovery, and the like. I suggested that extensive coemlc-racLtaticin studies be deferr 
"until a satellite rocket can be produced," but I did not venture to predict that a pa?iod 
of tot years and seven months would be enoi;^. 

The difficulty with the sounding rocket for most atmospheric and space science, 
was the short life of the mission. For meteorloglcal investigations, teLLloon-bome 
Instrumentation was superior. The Wac, for exanple, flashed throucd^ the strata of 
Intof'ert too rs^ldly for sensors to recpc'i ~ for upper-eitino^here j^slcs and astrt^>hys- 
Ics, the duration at trajectory's peak, and our ability then co control the v^cle's 
attitude for instrunent pointing, was marginBl. Parachute recovei'y of the sclenciflc 
payloads was considered rather as a means of supporting the use ox' spectral and photo- 
graiMc instninents than of remaining at altitudes of interest, for the latter were too 
high for a parachute to have helped. Finally, I considered the question of payload weight 
distribution, and It Is Interesting that ny wei^it estimates for fliidit electronics equip- 
ment were apppoximately those used in Ranger and Mariner spacecraft in the early 1960s, 
thou^ of course the development of microcircuits and the great increase In cooplexlty and 
power have balanced each other in this case. The entire payload wel^t of Explorer 1 
totalled less than the 20>lb figure I had allocated for telemeto:*ing alone for the 
research rocket. 

Meantime, in the late 1940s, the two "available" hl{d>-altltude rockets came 
together for the next step towards space exploration. During the early Wac launchings, 
Holger Toftoy, Ft*ank Mallna, and others discussed conblnlng V-2 and Wac as a two-stage 
test vdd.cle. This became the Bimper project In which JPL Joined the General Electric 
Hemes activity, providing Vfac B rockets modified for ^in-stabilized launch at the peak 
of the V-2's traJector 7 (Figure 17). The hlgh-altltude Btcper-Wac flights, which achieved 
a recOTd altitude of 250 miles on February 24, 1949, did not return data from x scientific 
Instrument payload. However they demonstrated the feasibility of rocket staging, and in 
particular that of Joining two existing vehicles to produce a third. The later Bun|)e]>41ac 
launches were devoted to the study of another technical problem, aerodynamics at high 
speed, and thus did not relate to space sciance. 

Project Orblter, «dilch grew into a conpetitlve proposal for a U.S. Satellite 
launch during the International Geophysical Year, resembled the Buiper v^cle in some 
system respects. That Is, existing hardware was to be brought together for a new mission, 
supported a nultlple-agency team grcwlng fhcm roots set in Peenemunde and Pasadaria, 
with a first enpheisls on fli^it demonstration and such simplifying conpromlses as ^In 
stabilization for the upper ctages. 

The Orblter idea originated in mld-1954 at meeting of satellite advocates from 
the Office of Naval Research, the American Rocket Society, the astrc^hysics conmunlty, and 
(in the person of Vfemher voi Braun) the Army Ordnance rocket program. Those in attendance 
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proposed to use a ftedstone Mssile idtesceniant of ?-2) as rtnst sts®e, clusters of JiPL- 

developed Lold solid rsxkets as t|)per stages, and a ll^twelgjht. Inactive satellite pay- 

laad. Etelng tl« next ^ar, this prc^xwed fusion of ¥-2 technolt^, JHL, rocket fc©3hnology, 

and vitiat ms stiH designated as iwer-atiuosphere expar>te»mfeal science want throt^ matr^ 

stages of stirfy and debate. In which JPL participated, mtll In 1955 It was finally' 

rejected by the Defaise DepartEeit In favor of the Ifeval fteearch Laljaratcat^'s %n®uard 
25 

Program. 

Me ware asked to ccament cfi vm Gram’s Bedstca«-Loki Cartdter prqpc^al in 
tovetriber 1®4. Hewer J. Stewart's review, cciipleted ths following %rll, suggested 
replacing the k>kl rocke*™ in the i^pei>«ta^ clusters with aub-ajale Sergeant fflotors, 
Aich we raade arxl used for a variety of tests In the Sergeant missile project. A typical 
cluster of this type is shorn in Figure l8. A more elaborate stijriy of this alternative 
ms corrpleted and released in July 2955.^” 

lip to this point, like the ccanslderation of the laig-range rocket projectile a 
iejade befere, the satellite proposal fM beai dcnilnated by the ix«ket-prc|«l8iari function 
t^y mechaaical~«r«lreering considemtiesns, and was essentially dewid of irestrumantatlat 
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FI?:. 18 

Cluster of 6/3I Scale Sergeant Fx)Oketa Used as Stages .in 

fe--ent.r7 Itest Veiiicle and Erplorer Satellite La'unel'iing Veiilcle 


plaming* Indeed, tte original selentific plmi lad called for optical tracking of an 
inert satellite, a tectoiqae wMch offered useful e'jcpci^rLi'ants and rangiineri a supple- 
mentary methM In Vanguiird project* Ftirther, (M>lter*s lack of stress on Instrumen- 
tation, ccmpared with the Macs! Hesiwch Iabomtoi:'^"*s thor j’jivIi st'aiy of Instinjrentini^ the 

Varigy^jiM satell.lte, was very Influential in the ultimate decision In favor of tie l^itter 
27 

project* 

Ik^fcre ilmt decision flml., fK>wever, we set to w>rk to redress ^:f¥: bal- 

ance* Inst^rarientlr#':; tlicr 0ixiicyice-p^i*O|:.^s)sc^i satelll.te not lrr|x>sstble, or even 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


teclmically difficult. Rather, as in the case of radio telemetry fcr the Private rocket 
veMcles, or guldamse for the early Oypcral, it had been a se<xvKi-<*rder problem, and its 
comMesration had been deferred. &jt it proved quite feasible to adapt tracking and cc»- 
aundcation techndqt«s from practice and research in missile guidance to the satellite. 

Ihe initial study ws part of the revised arbiter prqxjsal offered whm the Vanguard deci- 
sion ms reccrtsidtered in ik«ust and S^tasaber 1955; a mere extensive repsrt, Introducirg 
the name •Ittcrolock," ^:f3eared in MptU 1956.^® 

These satellite studies wae able to dtm>f upon our applied research In guidance 
systems and our gulded-mlssile develppmast wortc In distinct and. valuable ways. First, the 
technical basis of the fUcrolock: i^stem lay In infotmation-theary and radto-frequency 
research crlginal3y related to Jaratalirg ar.l radionnoise problems in missile guidance. Such 
research related equally to the need for tracklrg and caamunicatlng- with a small, low- 
power space prebe. Second, the vlbraticn and acceleraticn arrvlrcnBients expected for 
satellite equipment were comparable to those dteerved in missile testing, especially in 
the LcM missile develcpasant. Third, many of the pndbleras to be considered in the satel- 
lite study were Interdisciplinary and .intersystem, in the same way that problems of guided- 
mlssile development cross these boundaries. It should be noted that Microlock was a one- 
way tracking and comraunlcatiort. system, having, unlike missile guidance, no pp-link to 
send cemraands to the flight vehicle. The system design is glvm in Figure 19, and the 
portable ground site, with interfterometrlc antenna array for satellite use, syppears in 
Figure 20. 

The origirel Microlock study and develcpmmt bad been oriented entirely toward 
the Army Crdnance proposal fer an earth satellite. However, notwithstaMlng the improve- 
ments and contlmed arguments by Amy representatives on its merits, the prc^sal was still 
not accepted by the O.S. Otovemment, and Project Vanguard continued as our I® satellite 
effort. 

Interest and activity in upper-atitDsphere research and instniaentatim had 
led to my serving on Joseph Kaplan^s "Long Playing Rocket" subcararnittee of the Rocketry 
Panel In the Natlcnal Acadetny*s I® committee; John Ttownsend, Milton Rosen and I had 
r«ported m the usefulness of a satellite in the I® program wlthoit advocating any 
clflc project. Whwi the Technical Panel for the Earth Satellite Prtgram was organized by 
the United States I® committee in Oetdber 1955» I was a roettiber, ard proceeded to chair 
the Panel* 8 kfarking Qrcnflp m traddi^ and computatim thrai#K}ut the ter® of the I®, 

Thus, thou#J Involved in JPL’s support of a corapetir® technlcaO. proposal, I was engaged 
in organizing operational support for the Var®jard mlssim. It was part of our task to 
erKJOuragie and coordinate varleaxs efforts. Including intematicnal activities, in coonec- 
tim with observatlcn and tracklr^ statiens for Vanguard. 

The Microlock satellite cc«iiwnieati«5s, though now wlthcxit a satellite mlssicai, 
had further potential. The Jupiter missile project had to solve the problan of 
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Microlock System 




atanospherlc re-«itry at high velcxjlty, and a heat dissipating nose ccaie of the ablation 
type Mas designed for this purpose. Ihls deslgi had to be tested under fli^t conditions — 
that Is, actual reentry In a Icaig-iange ballistic trajectory — as soon as possible. Ihe 
test cone would have to be Instrumaited so that its performance could be telemetered and 
Its flight could be tracked far recovery of the probe. The Aprd.1 1956 Microlock study 
r^xart referred to this alternative possibility for the comiunicatlons system. In fact, 
the test-vdilcle program vas already underway. 

When Project Orblter was terminated in late 1955, it was a fairly mature satel- 
lite system design based partly upcxi the use and adaptation of existing materials IVom 
missile projects. The long-range test mission i?equlred by Jupiter appeared to be very 
similar to tte satellite launch, dlf facing mainly in the lesser energy demand, and of 
ccxirse In the payload. The transfonnation of the Orblter launch vehicle and telemetry 
into a He-Qitry Tfest Vehicle (RTV) would save time and money for the latter and provide at 
least a partial test demonstration of the former. It was a natural evolutlcxi. 

First authorization of the RTV came in S^tenher 1955, after the Orblter satel- 
lite proposal had be«i rejected. FU^t design, laboratory and ground tests, and assanbly 
of the system proceeded on schedule, and one year later the proof-test model was lataiched. 
The Improved sub-scale Sergeant spinning clustered solid-rocket ipper stages, ax.d Micro- 
lock tracking and telemetry performed well, but only an Inert payload was flown over the 
3000-mile trajectory. The second test, the following ffay, carried a 1/10 scale Jupiter 
rxjse cone, but a guidance malfunction precluded Its recovery. On the third test In 
August 1957, all systems performed excellently anci the r»se cone was recovered, validating 
its design for Jiplter and concluding the RTV program with several sets of flight hardware 
left over. 

The successflil orbiting of Sputnik 1 two months later created unprecedeited 
excitement worldwide, and corresponding tension within the Ihited States. Nowhere, I 
think, were feelings so strxang as In the beleaguered Vanguard project, where the normal 
Lps and downs of rocket and Instrument development were now transformed by the press and 
public Into ^ins and losses (mostly the latter) in a global corrpetitlcxi. Among the for- 
mer proponents of Project Orblter, in Washington, Huntsville, and Pasadaia, feelings of 
ftnistratlon also hl^ In view of the recent RTV demonstratlcai, and on occasion tem- 
pers wore thin. It was an enormous relief when the Arw was authorized to proceed with 
Its oft-prcposed satellite development as a backup for Vanguard; I served as coordinator 
for this project with the Technical Panel for the Earth Satellite Pix)gram. 

At the conclusion of the re-entry test program. General Medaris and Wemher von 
Braun had placed all the ljip\)ved Redstone hardware In carefully controlled storage Just 
in case they should be needed. Jack Fi’oehllch, the JPL project manager, had reassigned 
all the one-fifth-scale Sergeant motors from the project to long-term life test, a device 
»Mch had the same result. Ehough Microlock ground sets had been constructed for 
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extensive field testing as well as installation at the Cape for RIV traokir^. But one 
critical elauKit— the satellite Itself-^iad to be created from scratch. Jack Proonllch, 
Homo* Stewart > and I felt strongly that this task was logically the responsibility of the 
laboratory, as it was so Intimately Involved with our connunlcatlons system, our spectrum 
of skills, and our prior work in the Orbiter studies. Ihe von Braun teem, as a part of 
their strong motivation which had carried this cause unflaggingly for three years, and lit 
view of their undeniable skill, felt that they should be re^xsnsible fcr the idule effort. 
Ihe point was settled In favor of the Laboratoiy's participation, in a vigorous meeting 
before Qaieral Medaris,^^ and I think none of the team has since had cause to regret this 
resolution. 

As coordinator for the Itechnical Panel for the Earth Satellite Frogman, I pro- 
posed that the Amy satellite carry Janes Van Alima's cosmic-ray instninent (also flown in 
Vangiard}, which I knew we could readily acconnodate, and Jburice Dtdcln's micrometeorite 
sensors; four taiperature measurements frcm Inside and outside the payload package com- 
pleted the list of telemetry sources. We expected the micrometeorite information and the 
ten|)erature data to be of duel value, helping the Inmediate future desigi of satellite 
equipment as well as adding to scientific krKmledge. Ihe Van Allen experiment had been 
considered one of the hi^v-priority lOf i^jper-atmo^here or q[>ace investigations, a Judge- 
ment hai^Uy confirmed by its bountiful results in several missions. 

We decided to fly two batt«y-powered radio transmitters, each carrying fojr 
standard channels of telanetry, divldii^ »g) the taiperature sensor outputs and those of 
the two ralcroineteorite detectors, and carrying Van Allen’s Gelger-’-ube measurements 
redundantly (Figure 21). Because of limited battery capacity, one transmitter operated at 
high power — fifty milHwatts—for a short time, and the other at only tan milliwatts for 
an expected two months. The hlgi-power signal, vMch was anplltude-modulated, was intended 
to be recoverable by Project Vanguard's Mlnitrack ground stations and the like, but only 
our few MlcTOlock sites were eipected to be able to track the long-life, low-power signal. 

When we were given the go-ahead, we had promised to be ready in 90 days, or by 
early Ftebruary 1958; but scheduling at the Cape Canaveral test range allowed us only a few 
days at the end of January. Unis was Indeed a hectic and busy time: not only had we to 
prepare the satellite, but the Sergeant missile and Jupiter radio-guidance programs were 
also coming to a tnead. 

High winds forced postpcanement of the scheduled launch on January 29, 1958, and 
again the next day. But conditions inproved on January 31 and the countdown carried to 
zero. I nonitored the events ftxm Washington, D.C., in the company with Wemher von Braun, 
James Van Allai, and many frlerjds and colleagues of the lOT conmlttee and the Department 
of Defense. Liftoff came at 10:48 p.m. EST (Figure 22). About five minutes later, Wemher 
turned to me and said, "It's yours now"— the first stage had been separated arvd the hl^ 
^ed cluster ignited. Prom this point, of course, active guidance and Redstone telemetry 
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Mere out out of the system, there was no caiinand link any more, and after the .antenna at 
Antigua Island lost the signal we would not hear from the space probe again until It passed 
over California, an hour and three-quarters afterward. If Indeed It was In orbit. Several 
of us tried rou^ calculations of the fll^it path, unaware, as It turned out, that the 
still-stroi^ Jet stream above the Cape hvl boosted the bird to a hl^^. velocity end apogee, 
and heruse a longer period. Finally, elgit minutes late by our reckoning, the San Qahrlel 
Radio Club near Pasadena, and the Earthquake Valley Mlcrolock site near San Diego, 
California, picked up the algal and called tus. Vfe wure in orbit. 

A few hours later at a r sss confermoce In the main hall of the National Acadeny 
of Sciences, I Joined Wemher von Braun and James Van Alloi, answering questions about the 
Uhited States satellite. It was a turning point for each of us and the organizations we 
represented, peiii^ most of all for the Laboratory and nyself. Ihe event was also sym- 
bolic of the mixing process between engineering and science, between the world and the 
research laboratory, tdilch T have sought to trace througi the dozen postwar yeera of gxwth 
of the Jet ft>opulsion laboratory. Now the process had garm a step further, as I am sure 
Theodore von mbnnAn had expected, both through t)>e I^sian efforts and our own: it had 
mixed rocket technology with the universe, and reduced astiTonautlcs to practice at l£i8t. 


4l8 




Fl«. 22 

Explorer 1 launch 


REFOTUCE5 


1. Memofandun on tte Possibilities of Long-tenec t^tcet Projectiles , by Th. von Kaman, 
and a Rwlew and I^liminyy An a^sls or In^-ftange Rocket Projwtlles , by H.S. Tslen and 
F.J. Mallna, rteno 1, Jet mjpulslon Laboratory, cSllFomla Institute of Techno lo<^, 
Novarber 20, 19^3 (Ibpubllshed). 

2. Prank Mallna, Chief Engineer cf GALCIT No. 1 and Acting Director of J?L, has well 
described uils activity In "Origins and First Decade of the Jet Propulsion laboratory," 

In The History of Itocket Techrj logy , ed. bj' E.M. Ehne, Vfeyne State Uhlverslty Press, 196^, 
and a series of memoir papers glvw at lAA History Syrposla. 


i»19 


3. Hu^ Dryden's dloge of Kinnan In the NAS BiogrE^Mcal Memoirs Vol. 38, 1965, and those 
of F)?ank Mallm In Technolotiy and Culture. No. 2, ^rlng 196^1, and Ftank Wattendurf and 
Mallna in Astronautlca Acta X . Bhsc. 2, 196^, give essential and close views of his char- 
accer; his autoblograi^, Pie Wind and Bg ' ond. written with liee Bison, Little, Biv wn and 
Oo., 1967, gives his own outlook. 

4. Rrank Msainp, "America's First Long Range Missile and ^«ce Exploration rrc«?am: the 
ORDCrP Rroject of the Jet Prc^xilslcri Laboratory, 1943-1946 A Memoir," In this voltane. 

5. (M)CIT Memorandun No. 2, ^search Progran for the Second IVpe of Long-Range Jet 
Propell^ Missile , Jet Propulsion Laboratoiy, (jsillfomia Institute of Te<*inolo^, August 
20, 1944 (upubllshed). Ihis study was directed by H.S. Tslen, whc presented it orally to 
the staff (XI August I7. 

6. specifically, "The Ccxitractcr shall undertake research, develcjpmental, experimental 
and aiglneerlng work and investigation on long-range rocket missiles...," Ccxitract No. 
V#-04-200-ORI>-455, Definitive Ccxitiact (S^^lement No. 9), January 16, 1945. An official 
account of the effort notes that the Ccarporal co.itrol system "... was not selected pri- 
marily to meet seirvice requiren^ts in the field or for its accuracy in finding the '•arget, 
but rather for its usefulness as a means of studying control problems in such a missile." 
(Capt. R.C. Miles, The History of the CTDCIT Pro.lect. Ufa Tta 10 June 1Q46 . Qrdrance R&D 
Service Suboffice (Rocket), California Institute of Tect«ology, Pasadena, California 
(unpublished) . 

7. The issue was raised in mid-1947 in connection with modifying the cc .tract for the 
rocket-engine project. It had been suggested that the sponsor have the right to asslgi 
specific problems for iAnedlate solution <xi a priority basis. Arguing that this c<xv 
ceivably could saddle JPL with a problem outside its field, IXim obtained a "mutual 
ccaisent" clause vdiich aipeTred in Si^jplemental Agreemwit No. 24 to tiat Ccxitract (W 535- 
ac-20262) on March 15, 1948. 

8. W.H. Pickering, Control and ^telemetering for "Corporal .ss Report No. 'i-lS, 

Jet Propulsicxi laboratory, California Institute of Teoixiology, 1945 (unpubllsbad). 

9. Development and Flirtit Perfonnance of A Hiph-Altitude ckavaiiig Rockets . the W 4C 
Cyporal . by P.J. Malina, Report No. 4-18, Jet Propulsion Laboratory, California Institute 
of* Technology, Janua / 24, 1946 (urpublished). Design. Develoixnent . and Field Tests o f 
the WAC B Sounding Rcxiket. by P.J. Meeks, F.G. Denison Jr., and R.?. Rose, Report No.”5-4l, 
Jet Prc^ulslon Laboratory, Califemia Institute of Technology, December 15, 1947 (urg»ub- 
llshed). WAC, by the way, symbolized "without attitude ccxitrol." 

10. JPL Report No. 20-100, The Corporal; A Surface-to-Surface Guided Ballistic Missile. 

Jet Propulsion Laboratory, California Institute of Technology, March 17, 1958, and 

J.W. Bragg, Develcjpment of the Corporal: The EWbryo of the Army Missile Program, Histoid- 
cal MonogrsQjh No. 4, Army Ballistic Missile Agency, Ptedstone Arsenal, April 1961, both 
describe the antecedents and progress of this research vehicle and mlsplle system. 

11. J.R. David, Prcjgress of the RAPT Project up to January 1. 1946 . Progress Report No. 
4-27, Jet Propulsion Laboratory, California Institute of Technology, July 15, 1946. 

12. The ccxitext of development of this solid-propellant material and design is given in 
P.T. Carroll, Historical Origins of the Sergeant Missile Powerplant . JPL/HR-3, Jet 
Prcpilsion Laboratory, C^lfcaTiia Institute of Technology, August 1972 (urpubllshed). 

13. Allen Puckett's Perfoannance of the 12-inch Wind TVaTnel . JPL Memorandum No. 4-52, 

June 1, 1949, gives a descripticxi and prospectus of the first JPL wind tunnel at its com- 
pletion; Wind-Tunnel Testing at the Jet Pr*opulsi<xi Laboratory (no author), JPL Repoirt No. 
20-83, Januiry 1, 1957, describes the entire facility, inclodlng the then-bulldlr® 21-ln 
hypersonic tunnel, m of a later, high-usage period. 




14. W.H. Plcterlag and J.A. Young, External Instmaentatlon for NAMIU . JPL Progress 
Reports NA 10-1 through 10-9 » 1946-47, and U.H. Plck«rlr^ and P.H. Reedy, JW* Progress 
Reports No. 18-1 throu^ l8-8, 1949-50. 

15. Contract Ho. DA-04-495-Qrd I8, Letter Orcto* October 5, 1950, Definitive Contract 
January 2, 1951, described at JPL as the JPL-20 Contract. 

16. See JPL Report 20-100, The Corpcaral . and J.W. Bragg, Development of the Corporal. 
cited ^tx>ve (Note 10), describe the Ccaiporai’s evolution In detail. 

17. Vttlllan: H. Pickering and Robert J. ParKs, Ckildance and Control System. Uhlted Stat*" ■ 
Patent No. 3.179,355, granted April 20, 1965- 

18. James D. Burke, Robart J. Parks, and HobCTt M. Stewart, Harare Control for a Rali.lstlc 
Missile . Uilted States Patent No. 3,188,958, granted June 15, 1965- 

19- J-C. Porta*, Jr-, Lokt Ballistic-Test Progap. JPL Progress Report No- 20-295, Jet 
Fhopulslcn Lfdwratory, Cailfomla Institute of Technology, March 30, 1956- 

20- P.J. Malina, "America's First Long Range Missile and Space Explcaratlon Project," see 
Note 4. 


21. R. Cargill Hall, "Earth Satellites, A First Look by the liiited States Navy," In this 
voluae. 


22. H.J. Stewart, A Suanary of Performance Studies for a Hlrfi Altitude Orbiting Missile . 
JH- Report No. 8-5, Jet Propulsion LaDoratory, Cedifomia Institute of Technology, July 10, 
1946 (unpiA>llshed). 

23- JPL Publication No- 3, Abstracts of Papers Presented at the Guided Missiles and tfeper 
Atmostfiere Syntxaslun (held March 13-16, 1946), Jet Propulsion Laboratory, California 
institute of Technology (unpublished). 

24. W.H. Pickering, Study of the Upper Atroosohere bv Means of Rockets. JPL Publication 
Mo. 15, Jet Propulsion LaboratOTy, California Institute of Technology, June 20, 1947 
(unpub' l^ied) . 

25- Constance McIaughHn Greai and Milton Lomask, Vanguard: A History , Sknithsonian Press, 
197I; Chapters 1-3, discuss this conplex evolution and competition of proposals and 
projects - 

26- JPL PiOJlication No. 47, A Feasibility S tudy of the High Velocity Stages of a Minimum 
Orbit !*« Missile. Jet Propulsion Laboratory, California Institute of Technology, July 15, 
1955 (unpidbllshed) . This oevelopment is sunmarlzed in W.H. Pickering, "HistoY of the 
Cluster System," In Rxm Peenemunde to Outer Space . NASA Marshall Ji>ace Fll^t Center, 
March 23, 1962. 

27. &'eai aid Lonask, Va guard (see Note 25) cite Clifford C. FUmas of the Defense 
Department's re'd.ew comalttee to the effect that somehow confclning Orbiter's launch vehicle 
and Vanguard's satellite was briefly considered. 

28. H.L. Richter, Jr., W.P. Sanpson, and R. Stevens, "Mlcrolock: A Minimum Vfelght Instru- 
tnentatloi System for a Satellite," Jet Propulsion 28 : 532-540 (August 1958), reprints the 
content of the study, whlcJi was JPL Publication No. 63. 

29. Alluded to in J.B. Medarls, Countdowi for PeclslCTi . O.P. Putnam's Sc»is, I960, 

Chapter XIV. 



